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(54) MANGANESE-ZINC FERRITE CORE AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To provide a low-loss manganese-zinc ferrite core having high permeability and 
high resistance, and its manufacturing method. 

CONSTITUTION: This core is made up of a material having a main component composed of 
45-48.6mol% of Fe203, Mn203 of a molar ratio whose sum with the mole percentage of 
Fe203 is approximately 50mol%, 28-50mol% of MnO, and the remaining ZnO, and 0.01- 
0.5wt.% of a subcomponent including Si02 and CaO, and Fe2+ is less than 1mol% (other 
than 0mol%). By making the sum of Fe203 and Mn203 approximately 50mol% in spite of 
Fe2O3<50mol%, perfect spinel structure can be adopted and it is beneficial to the magnetic 
characteristic. By selecting sintering conditions, the production of Fe2+ in a sintering process 
is lessened, and Mn3+ of an Mn component supplementing the shortage of Fe203 in place of 
Fe2+, and consequently the production of Fe2+ is suppressed. And it becomes possible to 
make the resistance higher by bringing in the grain boundary high-resistance phases of Si02 
and CaO. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] 45 thru/or 48.6-mol % of Fe 203, and Fe 203 The principal component which the sum 
becomes from 50 mol Mn 203 of the mole ratio from which it becomes % of abbreviation, 28 or 50-mol 
% of MnO and, and ZnO of the remainder, Si02 And manganese zinc system ferrite core characterized 
by having consisted of an ingredient which has 0.01 thru/or 0.5% of the weight of the accessory 
constituent containing CaO, and making Fe2+ into less than [ 1 mol % ] (except for zero-mol %). 
[Claim 2] 45 thru/or 48.6-mol % of Fe 203, and Fe 203 The principal component which the sum 
becomes from 50 mol Mn 203 of the mole ratio from which it becomes % of abbreviation, 28 or 50-mol 
% of MnO and, and ZnO of the remainder, Si02 And it is the manufacture approach of a manganese 
zinc system ferrite core which consists of an ingredient which has 0.01 thru/or 0.5% of the weight of the 
accessory constituent containing CaO. The manufacture approach of the manganese zinc system ferrite 
core characterized by making Fe2+ into less than [ 1 mol % ] (except for zero-mol %) by selection of 
baking conditions. 

[Claim 3] Said baking conditions are the manufacture approach of the manganese zinc system ferrite 
core according to claim 2 which is what performs the oxygen tension in the highest retention 
temperature at 1 thru/or 100%. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the suitable manganese zinc system ferrite core for the 

core for deflecting yokes, and its manufacture approach. 

[0002] 

[Description of the Prior Art] High resistance is also increasingly required of coincidence so that it may 
increase rather than recent years and the former, and properties, such as high permeability (high 
saturation magnetic flux density) and low loss (low core loss), may be required as a core for deflecting 
yokes and a direct core can be looped around a coil. 

[0003] In order to acquire high permeability and low loss, oxygen tension is controlled and the divalent 
iron ion beyond 1 mol % (Fe2+) is made to generate generally using the manganese zinc (MnZn) system 
ferrite of an iron-oxide (Fe 203) >50 mol % presentation. However, it compares with the ferrite (1x108 
omega) of a Fe2 03 <50 mol % presentation, and resistance of the ferrite of this presentation system is 
1x104. There is a fault of becoming remarkably low with omega (Table 1, 2 reference which are 
mentioned later). Although surface electrical resistance improves, in order that the residual stress in a 
front face and the interior may degrade magnetic properties in the scaling approach of that example, it 
becomes moreover, less practical, although high resistance-ization is also tried by this ferrite. Moreover, 
although the approach of coating a front face with an insulating layer is put in practical use, it serves as 
cost quantity. 

[0004] Moreover, as a ferrite core which has high resistance, the nickel zinc (NiZn) system of a Fe2 03 
<50 mol % presentation and the magnesium zinc (MgZn) system ferrite are put in practical use. 
However, the ferrite core loss of this presentation system has saturation magnetic flux density as low as 
300mT(s) as compared with the MnZn system ferrite (saturation magnetic flux density = 510mT and 
core loss =3 kW/m3) of a Fe2 03 >50 mol % presentation, and a core loss is 40kW/m3. There is a fault 
of becoming high (Table 1, 2 reference which are mentioned later). 

[0005] In addition, in the MnZn system ferrite of a Fe2 03 <50 mol % presentation, magnetic properties 
are inferior, and since sufficient value is not acquired about resistance, it is not put in practical use. 
[0006] Moreover, although the purpose is different from this invention, the high density ferrite which 
consists of a presentation of 35 thru/or 48-mol % of Fe 203, 22 or 50-mol % of MnO and, 15 thru/or 30- 
mol % of ZnO is known as a ferrite of a Fe2 03 <50 mol % presentation (JP,48-57193,A). Moreover, 
the ferrite core which added 1.3 thru/or 1.5-mol % of cobalt oxide to the MnZn ferrite which consists of 
48 thru/or 50-mol % of Fe 203, 1 1-mol % of ZnO and, and MnO of the remainder is also known (JP,52- 
4753,B official report). 
[0007] 

[Problem(s) to be Solved by the Invention] As mentioned above, even if it could attain high permeability 
and low loss, high resistance was not obtained, but since high permeability and low loss were not 
acquired even if it can attain high resistance, the conventional ferrite core had the problem that the high 
permeability and low loss which are required of the core for deflecting yokes, and high resistance could 
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not be satisfied in recent years. 

[0008] Moreover, the high density ferrite indicated by JP,48-57193,A is Fe 203. Since the vacuum 
section is prepared and densification is carried out in the baking process in the presentation range of 
35<Fe2 O 3 < 48-mol % when Mn3+ occupies an insufficiency, it is 104. It has stopped at omega 
extent. Moreover, in the presentation range of Fe2 O 3 < 45-mol %, since high saturation magnetic flux 
density and a low core loss are lost, practical use is not borne. 

[0009] Moreover, when Mn3+ occupies 20Fe3 insufficiency, it sets in the presentation range of 48<Fe2 
O 3 < 50-mol %, and the ferrite core indicated by the JP,52-4753,B official report is Fe 203. There are 
many amounts, since the valence control by the above-mentioned Mn component becomes an imperfect 
presentation field, the amount of Fe2+ generation will increase rapidly, and high resistance will be 
spoiled. 

[0010] Then, this invention is made in view of the above-mentioned situation, and aims at offering the 
manganese zinc system ferrite core which has high permeability, low loss, and high resistance, and its 
manufacture approach. 
[0011] 

[Means for Solving the Problem] A manganese zinc system ferrite core according to claim 1 45 thru/or 
48.6-mol % of Fe 203, and Fe 203 The principal component which the sum becomes from 50 mol Mn 
203 of the mole ratio from which it becomes % of abbreviation, 28 or 50-mol % of MnO and, and ZnO 
of the remainder, Si02 And it consists of an ingredient which has 0.01 thru/or 0.5% of the weight of the 
accessory constituent containing CaO, and is characterized by making Fe2+ into less than [ 1 mol % ] 
(except for zero-mol %). 

[0012] The manufacture approach of a manganese zinc system ferrite core according to claim 2 45 
thru/or 48.6-mol % of Fe 203, and Fe 203 The principal component which the sum becomes from 50 
mol Mn 203 of the mole ratio from which it becomes % of abbreviation, 28 or 50-mol % of MnO and, 
and ZnO of the remainder, Si02 And it is the manufacture approach of a manganese zinc system ferrite 
core which consists of an ingredient which has 0.01 thru/or 0.5% of the weight of the accessory 
constituent containing CaO, and is characterized by making Fe2+ into less than [ 1 mol % ] (except for 
zero-mol %) by selection of baking conditions. 

[0013] The manufacture approach of a manganese zinc system ferrite core according to claim 3 
calcinates the oxygen tension in the highest retention temperature at 1 thru/or 100%. 
[0014] 

[Function] An operation of a manganese zinc system ferrite core according to claim 1 is explained with 
reference to drawing 1 thru/or drawing 3 . Drawing 1 is Fe 203. The related Fig. of an amount and a 
core loss and drawing 2 are Fe 203. The related Fig. of an amount and saturation magnetic flux density 
and drawing 3 are Fe 203. It is a related Fig. with contact resistance. 

[0015] Though it is Fe2 O 3 < 50-mol % according to the manganese zinc system ferrite core of the 
above-mentioned configuration, it is Fe 203. Mn 203 By making the sum into 50 mol % of 
abbreviation, the valence of Mn is controlled, perfect Spinel structure can be taken, and it becomes 
advantageous on magnetic properties. Moreover, generation of Fe2+ decreases in a baking process by 
selection of baking conditions, and it is Fe 203 instead of Fe2+. Mn3+ of Mn component with which an 
insufficiency is compensated is generated, and the generation of Fe2+ which causes the fall of resistance 
as a result is controlled. Moreover, Si02 And high resistance-ization can be advanced by introducing the 
grain boundary quantity resistance phase of CaO. 

[0016] In addition, when Fe2 O 3 < 45-mol %, as shown in drawing 1 , core losses (Pcv) are 12 kW/m3. 
Become the above, as shown in drawing 2 , saturation magnetic flux density (Bs) is set to 320 or less 
mTs, and it becomes impossible to attain the high saturation magnetic flux density and the low core loss 
which this invention makes the purpose, and practical use is not borne. 48.6 mol %<Fe 203 If it carries 
out, as shown in drawing 3 , contact resistance will fall rapidly. For this reason, Fe 203 It considers as 
45 thru/or the 48.6-mol range of %. 

[0017] Furthermore, Si02 It is Si02 when the accessory constituent which reaches and contains CaO is 
made into 0.01 or less % of the weight. And since the grain boundary quantity resistance phase of CaO 
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affects the whole resistance, its effectiveness of a raise in resistance decreases. Si02 And if the 
accessory constituent containing CaO exceeds 0.5 % of the weight, since the component which the 
thickness of a grain boundary phase increases, the magnetic interaction of a ferrite grain becomes 
weaker, and it becomes impossible to acquire outstanding magnetic properties (high saturation magnetic 
flux density, a low core loss, high permeability), and accomplishes a grain boundary phase has the main 
low-melt point point matter, it comes to affect the generation process and structure of a ferrite. For this 
reason, Si02 And let the accessory constituent containing CaO be the above-mentioned range. 
[0018] Moreover, if + exceeds Fe2 one-mol %, since migration of an electron will become easy and 
resistance of the ferrite itself will fall, Fe2+ is made into less than [ 1 mol % ]. 
[0019] Therefore, by the above-mentioned configuration, it becomes what has the high permeability 
(saturation magnetic flux density) and low loss (core loss) near a MnZn system ferrite of a Fe2 03 >50 
mol % presentation, and comes to have resistance of the NiZn system ferrite of a Fe2 03 <50 mol % 
presentation, and the MgZn system ferrite average. 

[0020] According to the manufacture approach of a manganese zinc system ferrite core according to 
claim 2 By making Fe2+ into less than [ 1 mol % ] (except for zero-mol %), the ingredient of the above- 
mentioned presentation ratio by selection of baking conditions It becomes what has the high 
permeability (saturation magnetic flux density) and low loss (core loss) near a MnZn system ferrite of a 
Fe2 03 >50 mol % presentation like claim 1 publication. It comes to have resistance of the NiZn system 
ferrite of a Fe2 03 <50 mol % presentation, and the MgZn system ferrite average. 
[0021] According to the manufacture approach of a manganese zinc system ferrite core according to 
claim 3, by calcinating the oxygen tension in the highest retention temperature at 1 thru/or 100%, Fe2+ 
is controlled and high resistance is no longer lost. That is, the oxygen tension for satisfying less than 
[ Fe2+1 mol % ] changes with highest retention temperature, and the highest retention temperature 
required for baking of a ferrite is usually 1000 thru/or 1400 degrees C, and in order to be satisfied with 
this temperature condition of less than [ Fe2+1 mol % ], it needs to perform oxygen tension at 1% or 
more. If oxygen tension does not reach to 1%, generation of Fe2+ will increase remarkably and 
resistance of the ferrite itself will fall. For this reason, oxygen tension is performed at 1% or more. 
[0022] 

[Example] Hereafter, the example of this invention is explained in full detail. 
[0023] <Example 1> [0024] The manganese zinc (MnZn) system ferrite core of this example 1 The 
mole ratio (III) (Mn 203), for example, 1.4-mol % of manganese oxide, from which the sum with 48.6- 
mol % of an iron oxide (Fe 203), and an iron oxide (Fe 203) becomes 50 mol %**0.5 mol % The 
principal component which consists of 41 -mol % of manganese oxide and (II) (MnO), and nine-mol % 
of a zinc oxide of the remainder (ZnO), It consists of an ingredient which has an accessory constituent 
containing 0.03% of the weight of a silicon dioxide (Si02), and 0.1% of the weight of a calcium oxide 
(CaO), and divalent iron ion (Fe2+) is made into less than [ 1 mol % ] (except for zero-mol %). 
[0025] The 1 manufacture approach of this example 1 is explained. 

[0026] First, after performing temporary baking of predetermined time for the mixed powder at 700 
thru/or 1 100 degrees C after carrying out weighing capacity extraction of said each powder raw material 
at said presentation ratio and mixing mechanically, and grinding the temporary baking powder, it corns 
to the grain of suitable magnitude. Thus, after carrying out pressing of the corned powder to a desired 
configuration, the MnZn system ferrite core of an example 1 is obtained by calcinating the Plastic solid 
with a batch type furnace. 

[0027] As shown in drawing 4 , after they similarly perform the oxygen tension in the highest retention 
temperature (for example, temperature 1000 thru/or 1300 degrees C) at 1 thru/or 100 fixed% (for 
example, 10%) in atmospheric air for a long time (for example, 2 hours) after carrying out the 
temperature up of said baking conditions in atmospheric air and generate a policy objective product, in 
inert gas, such as atmospheric air and nitrogen, they do not change the structure of the product in the 
highest retention temperature, a valence, etc., and cool to a room temperature. Oxygen tension P02 in 
each temperature T in order to prevent oxidation of Fe2+, Mn2+, etc. which are generated by this 
cooling process (balanced oxygen tension) Log(P02 [%]) = alpha/T [**K] +beta (alpha and beta are a 
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constant) 

It is alike, and follows and controls. By this, Fe2+ can be controlled, Fe2+ can be made into less than [ 1 
mol % ], and high resistance is no longer lost. In addition, by prolonged processing which sets oxygen 
tension constant, valence change of an element etc. can be terminated and the target product (Spinel 
structure object) can be obtained. 

[0028] Thus, the effectiveness of the acquired example 1 is explained with reference to Table 1. Table 1 
shows the comparison of the property of an example 1 and the NiZn system ferrite core (conventional 
example) of a Fe2 03 <50 mol % presentation. 



[0029] 
Table 11 
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[0030] Since an example 1 can raise saturation magnetic flux density about 20% as compared with the 
conventional example so that clearly from this table 1, it becomes possible to offer a cheap ferrite core. 
[0031] <Example 2> [0032] The MnZn system ferrite core of this example 2 47.0-mol % of Fe 203, and 
Fe 203 The principal component which consists of the mole ratio 203, for example, 3.0-mol % of Mn, 
from which the sum becomes 50 mol %**0.5 mol %, 34-mol % of MnO and, and 16-mol ZnO of the 
remainder, 0.06% of the weight of Si02 And it consists of an ingredient which has an accessory 
constituent containing 0.08% of the weight of CaO, and Fe2+ is made into less than [ 1 mol % ] (except 
for zero-mol %). In addition, this example 2 is manufactured like an example 1. 
[0033] The effectiveness of this example 2 is explained with reference to Table 2 and drawing 5 . Table 
2 shows the comparison of the property of the example 2 at the time of applying to the core for 
deflecting yokes, and the MnZn system ferrite core (conventional example) of the MgZn system ferrite 
core (conventional example) of a 50 mol % presentation, and a Fe2 03 <Fe203> 50 mol % presentation. 
Drawing 5 is the related Fig. of the core loss and temperature rise in a CRT display. 
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[0035] Since a core loss is sharply improvable as compared with the conventional example according to 
the example 2 so that clearly from this table 2, as shown in drawing 5 , generation of heat of the core to 
which it comes from RF-izing, big screen-ization, etc. in a CRT display can be reduced by about 5 
degrees C compared with the conventional material. 

[0036] Though it is Fe2 O 3 < 50-mol % by suitable selection of selection and the baking conditions of a 
mixed raw material ratio, and the oxygen tension at the time of baking according to each example 
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explained in full detail above, it is Fe 203 and Mn2 03. By making the sum into 50 mol % of 
abbreviation, the valence of Mn is controlled, perfect Spinel structure can be taken, and it becomes 
advantageous on magnetic properties. Moreover, generation of Fe2+ decreases in a baking process by 
selection of baking conditions, and it is Fe 203 instead of Fe2+. The trivalent manganese ion (Mn3+) of 
Mn component with which an insufficiency is compensated is generated, and the generation of Fe2+ 
which causes the fall of resistance as a result is controlled. Moreover, Si02 And high resistance-ization 
can be advanced, a ferrite component compares with the MnZn system ferrite of a Fe2 03 >50 mol % 
presentation at this time, since it is stable, it is hard to generate the mutual reaction in a grain boundary- 
grain, and the amount of a grain boundary phase can be made to increase by introducing the grain 
boundary quantity resistance phase of CaO. Consequently, 45 by which magnetic properties were 
inferior conventionally and resistance was also made low thru/or 48.6-mol % of Fe 203 In a 
presentation By selection of presentation design / baking conditions which make generation of Fe2+ less 
than [ 1 mol % ], and positive installation of a grain boundary quantity resistance phase Since core loss 
reduction of the MnZn system ferrite of the Fe2 03 <50 mol % presentation considered to be 
conventionally inferior by being able to realize high resistance-ization and performing oxygen tension 
control for antioxidizing in a cooling process was realizable It has resistance (1x107 thru/or 6x107 
omega) of the NiZn system ferrite of a Fe2 03 <50 mol % presentation, and the MgZn system ferrite 
average. The manganese zinc system ferrite core which has the saturation magnetic flux density (320 
thru/or 410mT(s)) near a MnZn system ferrite and the core loss (5.8 thru/or 12 kW/m3) of a Fe2 03 >50 
mol % presentation, and its manufacture approach can be offered (refer to drawing 1 , drawing 2 , and 
drawing 3 ). 

[0037] in addition, this invention is not limited to the above-mentioned example, but can carry out 

deformation implementation at versatility. 

[0038] 

[Effect of the Invention] According to this invention explained in full detail above, the following 
effectiveness is done so. 

[0039] Though it is Fe2 O 3 < 50-mol % according to invention according to claim 1, it is Fe 203. Mn 
203 The sum is made into 50 mol % of abbreviation. Si02 And since the grain boundary quantity 
resistance phase of CaO was introduced and Fe2+ was made into less than [ 1 mol % ] (except for zero- 
mol %), the manganese zinc system ferrite core which has high permeability, low loss, and high 
resistance can be offered. 

[0040] According to invention according to claim 2, since Fe2+ is made into less than [ 1 mol % ] 
(except for zero-mol %) for the ingredient of the above-mentioned presentation ratio by selection of 
baking conditions, the manufacture approach of the manganese zinc system ferrite core which has high 
permeability, low loss, and high resistance can be offered. 

[0041] According to invention according to claim 3, since the oxygen tension in the highest retention 
temperature is calcinated at 1 thru/or 100%, Fe2+ is controlled and high resistance is no longer lost. 
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precisely. 

2.**** shows the word which can not be translated. 
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[Drawing 4] 
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[Drawing 5] 
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(57) [gift] 

[ftfifc] C®37«, 4 57!»M4 8. 6-fc.»l/%<DFe 
, O, „ Fe, O, £<DmfiW5 Ot)V%tU^)Vth 
©Mn 2 0 3 . 2 8 7}S5 0*-»l/%©Mn ORO'^gq© 
ZnO*>e>£cS3B&fr£. S i O, RCCaO^tf 

o. o 1 7i.so . 5mm%<Dmf$.&tzmirzttnfrii 

Fe"41 ^yXsVoVXT ( 0 ^)V%i:fSi < ) il/c 
fe<D-C&-2>„ Fe, O, <5 0*;U%-C*9iWE>F e 
2 O, iMn, O s i©fll?:BS5 0*JU%<t «Ci(C 

4>&<&<5. F e 2 '©f^t>f3«CF e, O, 

*s«i*ij3ns. s i o 2 &VC a.o<D%mmm.mazm 
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[»*H1] 4 571S4 8. 6*)],%<DFe l O, , 
Fe, 0 3 ±<Dmm5 0*J\'%£tj:Z*:Mb<DMn l 
0 3 > 2 8 71S5 0^I/%(DMnOSCI%»©ZnO^ 
SiO, RtfCaO*£?t?0. 0 171 
SO. 5SS%<DBM»i%WT*t*^6&0, Fe 

••ti^xar <o*;uk*i»<> ti^ct**** 

[IS3RJS2] 4 5 71S4 8. 6^;l/%©Fe 2 0 3 , 
Fe, 0 3 £<Dfa#B&5 O^r^i^^MbOMn, 10 
0 3 > 2 8 71S5 0*;l/%(DMnOSa^S(DZnO^ 
6&6£/St}£> SiO, SCfCaO*S&0. 0 171 
SO. 5««%©M«»<t*W-r4tmi36»6tt*v> 

HJfefrK* 1 Tbmi 0 O^rff 5 t>Or*4B*!2E 
[0 00 1 ] 

[0 00 2] 

[0 00 3 ] IIWSCMfi*4fl4/c^^«, -jsa 
W«c, iftK(Fe, 0 3 ) >5 0W%lffi<?)'7>* 
>iift(MnZn)^x70^IW, i^#II<D 
WWifr^, 1 *)\s%&Lt<D2m<DtkA*> (F e 2 *) 

JbCDmnte. Fe 2 0 3 <5 0^%fi^O7x7^ 
h (1X10' Q) fcJfcLT 1 x l 0 4 QifL<fi< 

<a»r*ai. 2#m) o * 
$tc&, a*, stc, mmicmmm**- 

[0 0 0 4] */c, WISta*Wr*7*^^ FnriU 
r». Fe, o 3 <5 0*;l/%^/£<D~*^Uffi£S (N 
i Zn) *SCXvy*^»>^ffite (MgZn)S7x7 

7x7^37a^{t Fe, 0 3 >50^;U%ffijSO 50 



*lB¥7-2 3 0 90 9 

2 

MnZn«7*7-fF (i«8««S=5 1 OmT, :a 
7PX=3 kW/m 3 ) CCtbUrttSia*Sffi3&S3 0 0 
mTti<, 37OXtt4 0kW/m 3 ±W<&S<!:C> 

9$oft**** 1. 2#m) o 

[000 5] Fe, 0 3 <5 0^;U%3fij&(DMn 

[0 00 6] *te. #»9BtBW#sffiJtr*3W, Fe, 
0 3 <5 0^%liJSO7*7-f hiUt, 3 5 71S4 
8Wo©Fe 2 0 3 . 2 271S5 0^%(DMnOS 
CM 57iM3 0^;P%CDZnO©ffiJ3c^6*^Ii!fffiffi^ 
*^ hrt**D6ftTt,*S C#KHS4 8-5 7 1 9 3#& 
W o 4 8 71S5 0^r;U%C7)F e, 0 3 , 1 I-*: 

JV%<DZ n ORC^aOMn O^^&SMn Z n 7 * 7 
-YRCl. 3 71S1. 5*Jl'X<DB(fi:=>''Ol' hiSSJllU 
tcv ^A h»&*>»6tiri»S 2-4 7 5 

3£«) . 

[0 00 7] 

©7*7^3713:, Sf®^Scm«5fe*^£-c#r 

[0 0 0 8 ] #PiBS4 8 - 5 7 1 9 3-*t£tfgK:ga 

^£ftfciBS5S:7*^ Hi, Fe, 0 3 W7>?:Mn 
J 3 5<Fe, 0 3 <4 8^;U%<Dffl 

^nrc^^io 4 Qgflwcg4oTc>4. *fc> f 

e, 0 3 <4 5*JU%©jfiJ5SE(5HK:*5l*rtt, iStfrffiBS 

[0 00 9] »5aS5 2-4 7 5 3fi«CClB^S 

tlfc7*7>f h8HM>«\ Fe, 0 3 T^Mn'^A 
tbtcWrS, 4 8<Fe, 0 3 < 5 0*)V%<DW&fflSt<C 
fcOTtt, Fe, 0 3 ftPSK, «T»©MnJi^ecj:S 

?CoTL« F e 

[0010] -ecr, jJBW»«ca»ras 

[0 0 1 1 ] 

11817x7^37^ 4571M4 8. 6^;U%<DF 
e, O a , Fe, 0 3 i©ft3WB85 0 ^r;U% ift-S*^ 
itCDMn, 0 3 , 2 8 71S5 0^;l/%©MnOSO^gP 
0ZnO^6&5ifli»i, SiO, StfCaO*^ 

o. oi75so. bmm%<omm^t^mri>m^h 

Fe'^l^%«T(0^%4i<) £L/c 
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c t 1 1 z & co~c$> 

[0012] m#m2isM<D-?>tf>mam7 h 

37CDSjjg7^«> 4 5 7!>S4 8. 6*)1>%<DF e, O 
3 . Fe, O, £©fn*il&5 0*;U%£&S*;Uifc©M 
n,0,, 2 8M5 0*Jl/%©Mn ORt>*3Sg|$©Z n 
0*>6!S^^S^i. SiO, SO'C aO£^£?0. 0 

*fr©»eK:J: 0Fe"41 *)1>%MT ( 0 *)l>%*m 
<) <ht//cCi?r#m<frSfc©r*S. 10 
COO 1 3] f»#i§3tE*£©v>;tf>ffi|3^?*7-Y h 

nmi oo%-c^s;^ff i 5fe©-c*.s 0 

[0 0 14] 

©fpffi*Hi75paa3*#Jt8oriftiwr*. bibfs 

, 0 3 Mt 37 4085^0. 02iJFe, 0 3 *i 
ttfDttmtfft^on«H. 03«Fe, 0 3 iSfcBgfn 

[0 0 1 5 ] ±IB^©-7>^>MiS^7x-5-r F^T 20 
«C«fcftW:. Fe, Oi <5 0*JWt*')%*t6Fe 1 
O, iMn, 0 3 <h©fa£BS5 0*;U%£ ITS Cite <£ 

ft. IS^^ttiWfJi^S, £/c, ^RSc^^©jS®c«fc 
•3, &$j§*iTFe"©£ja#^&<&9. Fe"©n 
fcOKFe, 0 3 ©7SMi5Mn^©Mn !, ^x 
fK<*ft. MSWKffii5T:©fiT ; SrS< F e"©M»H 

sns. */c> sio, so-c a o<D$Lftmimmzm 

[0 0 16] lite, Fe, O a <4 5t^%it 30 
01 CCt^ i5iC37PX (P c v) AM 2 kW/m J 
fcLhitt* 1 . 0 2(C7S-r«f;^tcfiafl]fia^S (Bs)* 
3 2 OmTtrFiftoT. *»9!*iBfl«|ir SWISfOBB 

&t>fc©&&4. 4 8. 6-*Ml<%<Fe, O a <fr-2> 

©fcib, Fe, O, £4 571>M4 8. 6*^%©|SHi 

[ 0 0 1 7 ] 3 6fc. SiO, Rt>'C a 0£$tfgijj&» 
£0. 0 laasStTFiTSi. SiO, MCaOO 40 

it<D$hm&'J>tj:<tj:Z. SiO, SCfC a 0*dtrtB« 

(^isfaeimffia. fi37o^, meg*) *f#6tx^ 

J:5CC&£„ C©/c&. S iO, &tfCaO£#t?§iJJiR 
[0 0 1 8 ] g/c. F e"#l 50 
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Ztclb, Fe !, *lW/St(Ti-r5, 
[0 0 19] Sior. ±ia«^Cj:9, Fe, 0 3 >5 

(tsfasasiss) rchsr* (37ax) zmrzbv 

tr**), Fe, 0 3 <5 0*;b%fflJ5g©N i Zn^7x 
<y-i hRO'MgZnJ&^x^-Y h 2£<&©g£t£}#oJ: 5 

[0 02 0] fS^JS2fBI£©v>^>ffi|S^7x7^ h 
37©SS@#&(CJ:fttf, ±!Efflj£!t©l5m£*Sa&# 
©a^K«fciJF e 2 ^ l^r;l-%«T (0^MU%£l&< ) 
£T£Ci ft^llBtg<h|Hl«K. Fe, O, 
>5 0W^iSSOMnZni7i5-f HtCifiC^Sfift 
* (JfeHttJR&|£) SO'lSii^ *m?z>i> 
©£&«5. Fe, O, <5 0 ; E;l'%iHfiS(DNiZn^ 
hSMgZn!7x7^ HM^©ffita*Jt-oJ: 

[002 1 ] m^m 3 IBig©v>**>ffilS^7 x 7 ^ h 

rJT©iajt^fcj:n«. siS«^aaK*jwsi8R^ 

U£ 17!;M1 0 0%r«^S*ff Fe"* 
8HWU mmiK\±&ikt>tifj:< HZ. Fe" 

i**56KT*«er*fc«e>o«3R»jEB. immm 

gi-c «fc Tft&O . y x 7 ■< h ©^te&gfc«iSG!J# 

asi*. if iooomhoo-c-c*^ c©as 

^tFe" 1 ^^^^T^S-rSfctotCtt. &5£# 

be* i %&±.x-n *) sm* * * . # i % «g u 

fcO-i;. F e '* ©£(&#:£ L < iftinLT 7 xv-f 
©ffita*5ffiT-r^o C©^*. M3R»E* 1 X«±t?tf 
^. 

[0 02 2] 

[002 3] <^SfeCT 1 > 

[0 02 4] C©H^l©v>*f>ffiiS (MnZn) 
^i7^37», 4 8. 6^U%©^t^(Fe, 
O, ) . Kfklt (Fe, 0 3 ) i©«I*i5 0*;l/%± 
0. 5*;b%£fc£*Jt']tf?!l;Ui 1 . 4 *)l>%<DWMt-? 

(iii) (Mn, o 3 ) „ 41 *>\>%oymt-? 

>^/> (II) (MnO) SO*^gP©9*;L-%©K{b# 
IS (ZnO) 0. 03SS%©-K 

^-{f(sio, ) mo. \mm%om\tti)v^^ 

11©&-f*> (Fe") *1*:)1>%&.T (O&WoZm 
< ) iLfci©-C*5„ 

[0025] c©nin?!i 1 (D-m^sm^wm^^ 
[0026] sr. iJfas^Mii^^BtrfBisaatbfc^a 

mi 1 0 o°ci£xmi£.mf®<DiB.Mmzm\ ^(omns, 

»5R*»»Lfc«. a«tt**3©tUCjftBlfJ-i. c© 



C4) 



- 2 3 0 9 0 9 



[0027] fflnaftosms. m 4 k^-t j: stc. 
*-e#?s o fca. n o < a^-c&kg^ss ( 
?aa i o o onm i 3 o o °o (c*jws^^ji«:— m. 
<Dijbmioo% (mz.it i o%) -cs^pa <m«2 

mm, mmmzmt2ii?m.M&-e8i%iztf *>« c©& 

*P«g-C^3 ft£ Fe", Mn" ^©K-ft*E$ <' tctb 
«c. «H*TK:4«f SBBRfflEE (¥«BI*»EE) PO, 10 

Log (PO, [%] ) =a/T V K] +<8 * 



(a, Gitmm 

(,Ci£iXmW-?2>. CftiCj:*). F e"*mfflLXF e 
[0 02 8] CWcfc^tCL-Cften/cSUSCTl©^** 

aisWtRt/ciWjirrs. au«§«&{aii iF e, o 3 

<5 0*)l'%mi&<DN i Z nJfk?*?-! 

[0 02 9] 
[*1 ] 





CmT] 


tD2B¥ 


M tit 
CQ] 


zimn i 


410 


700 


2X10 7 


(Fe a Oa < 5 0*^9O 


300 


700 


1X10 8 



[0 0 3 0] c©3Ufr6W6*»ttJ:5«:, **6WH« 
teis««:Jtur 2 0%*i£ft±3ii£C 

[003 1] <»S#f2> 

[003 2] CCDHJfeM20Mn Zn^x7>f h^T 
tt, 4 7. 0^%CDFe, 0 3 , Fe, 0 3 L<Dftffi 
5 0^%±0. 5*JbKl:tt&*Jl4fc0IX.tf3. 0^ 
Jl^OMn, 0 3 , 3 4*;l/%CDMnORO f 3SSP©l 6 
^l/0ZnO^e>^^^i, 0. 0 611%OS i 
O a M0, 0 8M%©CaO*£t*WJfc#±*«-r 



20 liiDisi^iegsn^o 

[0 03 3 ] C<MOS«2©«***2Riyp|a5*#«8 
l/TBWrr*. *2ttiBiei3-^ffl3rK:afflbfc»^ 
<DjiSfe#l2 <tF e, 0 3 <5 0*;l/%MCDMgZn^ 
7x7^h37 iFe 2 0 3 >5 0*Jl/%ffi 

^(DMnZnS7x7^fh37 (££fcW ±<D«Ftt<Dit 

£ n T U X i ^SLh^ t <Dm%m~C $> £ . 
[0 034] 
C*2] 

30 



7x7^ h=IT 




cm 


3 T P X 

64kHs t 30iT, 1 0 OTC 
[kW/ni 3 ] 




1100 


3X10 7 


5 




400 


lxio 8 


40 


MnZn^7i7^ S^T 
(Pe a O, >5 0**K) 


200 0 


ixlO 4 


3 



[0 03 5] C©Si2a»6ljlI&*»tt«fc9«:. SWSt«l2CC 

tc&, mbiCm-T^^iC. CRT?*./ X^WCCfcW* 
HiJIi&<b • *SSff«4»6< 5ar©^»4Se*Wctb 

5 -CfigfiT 5 tt * C £ #T # S . 
[0 036] JWiW&L/o&ftfeWc <fcfttf . ig^Mfcf 

IWCfcO. Fe, O, < 5 0 ^)X/%~CS> *) &#*6 F e 2 
O.iMn, 0 3 ©ffl*BS5 0*;P%i^-5C<!:(CJ: 



0. MnOfltttfMflPSft. ^«tXWJ«%8 
ft. B^#1*LL«W £&£„ &Jj£&#©a;e«cJ: 

ftO&CFe, 0 3 ©*JS#£*§5MnJ&9-©3§6©-7> 
(Mn !> ) ite*W(Cffiii©<£T 
*JS< F e"©^E*5«i$|j§n-5. Sfc. S i O, SO' 
C a 0©&JftSSffiSIfB£J»A-r S C <»: (C <t «3 . iSfi^b 

SO O, >5 0*JWlffiOMnZnf,7x7^hi^t 



7!>S4 8. 6*;U%©Fe, O, <Diffi^(C*sC>-C. Fe 

i *)\s%vcrt-tzi&mstM ■ Mfmttvm 

*(IW*tf5«:i«:«t*). «e3te&*i#il6tin»fcFe 
, 0 3 < 5 0 tJWiRSOMn Z nf 7 1 5 -f h©37 
d*<E«4!^-r4£ia*-e#/c©-C. Fe, O, <5 10 
0*;U%ifflj£©N i ZnS?i7-f h&tfMgZn^:? 
*5-f hEfcOfflfii (1X10' 10' £2)4 

f#%. Fe, O, >5 0t;l'%ffl^(DMnZnli57j7 
-f h (ca<,ifi?nfiK««S (3 2 0 75S4 lOmT) 

(5. 8M12kW/m J ) £Wr£v>*r 

(HI. 02. 03#M> . 
[0 03 7] &*s. ^IPJtt. ±ISHiSWJCKS3n 

[0 038] 20 



(5) #OT7-230909 
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* [0 03 9] mim 1 fBt?©^§S«C«fcntf . Fe, o, 
<5 0*JWC* e, O, iMn, O, £© 

fP*BK5 0W/oiL. SiO, &!>*CaO©fiW»tE 
!nffl*3f A C . Fe'^lt^EIT (0tA%*i 

[0040] i«*]«2fa«g©^^ccj;n« > iisffl^tb 

©«W4«l^fr©jl5e(C i 0 Fe"41 *JW««T 

[0041] rnxmsizmomBjacjiti^ smmm 
mc*svzm&K*mm.i o o%r*gf&£tT-?-rt,> 

6©-C\ Fe'*£JIp$lJU ^StS14*i^ti)5:< %-2>o 
[HiB©tB*^lftHJ] 

[01] Fe, O, linrn^iOM^i 

[02] Fe, o, mtmmmmmmtom^m 
[03] Fe, o, tmmsKt<Dm%m 

[04] «^#5r^ti 

[05] CRTf-fX^lz-ffCfeWSaTO^iiaSi 



[01] [02] 




Fe,0 3 ft C F"!", * 
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9#g3¥-7 - 2 3 0 9 0 9 



13] 



14] 
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